, in which an effective internal magnetic field induced by strain results in a spin splitting in the conduction band.
external DC magnetic field that induces a Zeeman splitting between the conduction band electron spin states. Coherent superposition of these spin states leads to a Larmor spin precession, which can be detected with transient optical techniques. Coherent spin manipulation without external magnetic fields in non-magnetic semiconductors has also been demonstrated in a recent study [2] , in which an effective internal magnetic field induced by strain results in a spin splitting in the conduction band.
Here, we report experimental demonstration of inducing and detecting electron spin coherence in a GaAs quantum well (QW) without the use of either an external or effective internal magnetic field. We have taken advantage of the spin-orbit coupling in the valence band and have used light-hole (LH) transitions in waveguide geometry to induce electron spin coherence. In the absence of spin precession, the induced spin coherence is detected through quantum interference in the spectral domain, instead of time domain, coherent nonlinear optical response. 
QThF5
Figure la shows the optical selection rules for dipole transitions between the conduction and the heavy hole (HH) and LH valence bands in a GaAs QW. For the LH valence bands, the spin-orbit coupling mixes spin-up and spin-down states, making it possible to couple the s= ±+1/2 conduction bands to a conmmon LH valence band via two dipole optical trasitions. We can induce a coierent superposition of the electron spin states by exciting both of these two transitions. As indicated in Fig. la , one of the transitions is fer optical fields polarized along the zdirection. For a (001) QW, the z-polarized field has to propagate in the plane ofthe QW.
Experimental studies were canried out in a 17.5 nm GaAs/AlGaAs QW waveguide. The waveguide was cleaved to a length of nearly 100 in . Figures lb and lc show the linear tranmisssion spectra of the waveguide for TE and TM polarized. light, respecfively. To detect electron spin coherence, we carried out spectral domain differential transmission (DT) measurements, in which CW pump and probe beams propagated along the waveguide. The intensity of the pump and probe were modulated at frequencies ok and o", respectively. The DT response, with an intensity modulation frequency of 1 -j, was measured with lock-in detection. To confirm that the induced resonance in Fig. 2 indeed arises from the electron spin coherence, we carried out additional studies, in which we applied to the QW waveguide an external magnetic field (B=0.25 T) along the z-axis. In this Faraday geometry, the external magnetic field induces energy splitting in both the conduction and the valence bands, but does not affect the optical selection rule. The electron spin coherence is thus excited through the same mechanism regardless whether there is an external magnetic field (this would not be the case if the external QThF5 magnetic field were applied in the Voigt geometry). We stress that while the use of the extemal magetic field enables us to demonstrate and clarify the physical origin of the induced resonance in the DT response, the excitation and detection of the electron spin coherence do not rely on the presence of the external magnetic field. Figures 3a  and 3b show the DT responses with the extemal magnetic field. Two induced resonances now occur symmetrically away from the zero pump-probe detuning. Separation of the two resonances corresponds to the electron Zeeman splitting (the electron g-factor was determined in an earlier measurement), demonstrating that the induced resonance arises directly from the electron spin coherence.
For comparison, we show in Fig. 3c the DT response obtained with the pump and probe having the same TEpolarization and with otherwise identical conditions to Fig. 3b (similar results were also obtained when both the pump and probe are TM-polarized). As expected, the spin-coherence induced resonances vanished since in this case the pump and probe cannot couple the two electron spin states to a conmmon LH valence band. Instead, a sharp resonance is observed at zero pump-probe detuning. This induced resonance is due to the well-known phenomenon of exciton population oscillation and the width of the resonance is determined by the exciton lifetime [4] . Note that the optical selection rule in Fig. la 
